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METHOD FOR MAKING FOG RESISTANT THERMOPLASTIC ARTICLES 
AND ARTICLES MADE THEREFROM 

FIELD OF THE INVENTION 

[0001] A method for making fog resistant thermoplastic articles, and more 
specifically aromatic thermoplastic articles, without the use of an anti-fog coating is 
described herein. 

BACKGROUND OF THE INVENTION 

[0002] Aromatic thermoplastic polymers, including aromatic polycarbonate 
based compositions are known for their excellent properties in terms of transparency, 
heat resistance, and mechanical strength. Fogging of the surface of articles prepared 
from the thermoplastic polymers creates problems for many end-use applications, 
such as goggles/lenses or greenhouse panels, where the formation of condensed water 
beads on the surface thereby reducing transparency. 

[0003] To reduce or eliminate fog on the surface of polycarbonate or other 
thermoplastic articles, anti-fog coatings have been developed. However, as the anti- 
fog coatings must be applied to the surface of the article, their use is less convenient 
and more expensive than having an anti-fog feature in the as-molded article. 

[0004] The use of anti-fog additives for certain thermoplastics is known, for 
example, there are known anti-fog additives for polyethylene and poly(vinyl 
chloride). These additives include sorbitan esters, ethoxylated sorbitan esters, polyol 
esters and glycerol esters. Such additives present in the polyethylene and poly(vinyl 
chloride) material results in fog resistant articles made from such materials. Such 
additives allow for the elimination of anti-fog coatings. While these additives are 
known to be surface active and impart anti-fog properties to polyethylene and 
poly(vinyl chloride), they are unsuitable for polycarbonate and other aromatic 
thermoplastic polymers. These additives suffer from low thermal stability or are 
incompatible with the resin thereby preventing them from being effective anti-fog 
additives for aromatic thermoplastic polymers, especially polycarbonate. 
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[0005] Accordingly, although there are anti-fog coatings for polycarbonate 
and other aromatic thermoplastic polymers, there remains a need for anti-fog additives 
and/or methods of rendering such polymers fog resistant without the use of an anti- 
fog coating. 

SUMMARY OF THE INVENTION 

[0006] In one embodiment, a method for making a fog resistant thermoplastic 
article comprises exposing an aromatic thermoplastic polymer article to an aqueous 
environment sufficient to result in a fog resistant aromatic thermoplastic polymer 
article, wherein the fog resistant aromatic thermoplastic polymer article has a greater 
fog resistance when compared to the aromatic thermoplastic polymer article prior to 
exposing. 

[0007] In another embodiment, a method for making a fog resistant 
thermoplastic article comprises blending an aromatic thermoplastic polymer and an 
ionic or a non-ionic anti-fog additive to form a blend; molding the blend to form a 
thermoplastic article; and exposing the thermoplastic article to an aqueous 
environment sufficient to provide a fog resistant thermoplastic article having an 
increase in fog resistance as compared to the thermoplastic article prior to exposing. 

[0008] In yet another embodiment, a method for making a fog resistant 
thermoplastic article comprises exposing a thermoplastic article to an aqueous 
environment sufficient to result in a fog resistant thermoplastic article, wherein the 
fog resistant thermoplastic article has a greater fog resistance when compared to the 
thermoplastic article prior to exposing; and wherein the thermoplastic article 
comprises a composition comprising polycarbonate, an aromatic polycarbonate, a 
(co)polyestercarbonate, an aromatic (co)polyestercarbonate, blends thereof, or a 
combination comprising at least one of the foregoing polymers; and an ionic or non- 
ionic anti-fog additive. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0009] It has been surprisingly discovered that aromatic thermoplastic articles 
prepared from a blend of aromatic thermoplastic polymer and an anti-fog additive 
(ionic or nonionic) obtain a fog resistant surface after activation with a conditioning 
step. Such a conditioning step includes exposing the surface of the article to an 
aqueous environment sufficient to provide fog resistance to the article. Not wishing 
to be bound by theory, it is believed that conditioning brings the hydrophilic portion 
of the anti-fog additive to the surface of the article in response to the aqueous 
environment, thereby switching the additive orientation so the anti-fog (hydrophilic) 
portion of the additive is at the outermost surface. Although the additive orientation 
can reverse upon drying the surface, it is believed that subsequent exposure to an 
aqueous environment (including fogging conditions) brings the hydrophilic portion 
again to the outermost surface and the time for this to occur is shorter than the time 
required during the conditioning step. Therefore, after conditioning, a material 
becomes fog resistant where it was not prior to the conditioning step. 

[0010] By "an increase in fog resistance" is meant that an article that has been 
exposed to the conditioning step as described herein takes a longer time to exhibit 
visible fog at the article surface under conditions of fog as compared to the article 
prior to the conditioning step. Conditioning by exposure to an aqueous environment 
provides the article with greater fog resistance than an unconditioned article. 

[0011] The surface of the article is exposed to an aqueous environment 
effective to provide an increase in fog resistance as compared to an article that has not 
been conditioned. Any means of exposing the surface of the article to an aqueous 
environment that provides the article with an increased fog resistant property may be 
used as long as the anti-fog property is not compromised. Exposure to excess water 
may result in washing away of the anti-fog additive and a subsequent decrease in fog 
resistance. Accordingly, the exposure to the aqueous environment is preferably 
controlled to provide the desired increase in fog resistance. Non-limiting examples of 
exposing to an aqueous environment include exposing the article to water vapor, 
exposure to steam, immersion in aqueous liquid, spraying or misting with an aqueous 
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liquid, and the like. Optionally, the conditioning step further includes drying the 
article after exposure to the aqueous environment. 

[0012] Preferably the aqueous environment is water, including deionized 
and/or purified water, or optionally miscible blends of solvent and water, as long as 
the solvent does not detrimentally affect the fog resistant properties of the article or 
other desired properties such as transparency. Suitable solvents that are miscible with 
water include, for example, d-C6 alkyl alcohols, and the like. Preferably the aqueous 
environment is liquid water or water vapor. A preferred water includes Milli-Q® 
deionized, purified water available from Millipore. 

[0013] The thermoplastic polymer article is generally exposed to the aqueous 
environment for any amount of time effective to provide an increase in fog resistance. 
Suitable exposure to the aqueous environment includes, for example, about one 
minute to about 48 hours, preferably about 5 minutes to about 24 hours, even more 
preferably about 20 minutes to about 12 hours, and yet more preferably about 45 
minutes to about 2 hours. 

[0014] All ranges disclosed herein are inclusive and combinable. 

[0015] By the term "halo" or "halogen" is meant, fluorine, chlorine, bromine, 
and iodine. 

[0016] By the term "alkyl" is meant straight chain, branched, or cyclic alkyl 

groups. 

[0017] By the term "haloalkyl" is meant an alkyl group as described 
previously comprising one or more halogen atoms substituting available hydrogen 
atoms up to perhalogenated substitution. 

[0018] By the term "about" in combination with a number quantity is meant 
that the amount can differ depending on a particular embodiment and that it may be 
necessary for the person skilled in the art to do some limited experimentation to find 
the optimum amount. 
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[0019] The anti-fog additives that are suitable to provide a fog resistant article 
after conditioning include both ionic and non-ionic anti-fog additives that exhibit a 
balance of properties to provide the fog resistance. Suitable anti-fog additives are 
preferably thermally stable to processing temperatures of the thermoplastic polymers, 
especially aromatic thermoplastic polymers. The additive desirably has the ability to 
migrate to the surface of the article where it can provide the anti-fog property. It is 
known that more hydrophobic groups present in the additive, such as long chain 
alkyls or perfluorinated alkyls, enhance the additive's ability to migrate to the surface 
of the article. Although the additive should have a degree of hydrophobicity to allow 
for migration to the surface, the additive is also preferably hydrophilic enough to 
provide reduced surface tension of water that may be present at the surface of the 
article. The reduction in surface tension allows for the fog resistance at the surface of 
the article. The balance of hydrophobic and hydrophilic should also allow for the 
positioning of the hydrophilic moiety of the additive to be directed toward the surface 
of the article. 

[0020] It has been found that certain compounds that are known surface 
seeking additives, including anti-static additives, may also possess the correct balance 
of properties described above to be suitable as the anti-fog additive. Not all anti-static 
compounds can function as the anti-fog additive as described herein as they may be 
too hydrophobic and cannot reduce the surface tension of water at the surface of the 
article sufficiently. 

[0021] A convenient method has been developed to quickly and easily 
determine if an anti-static compound, or any other compound, can function as the 
anti-fog additive as described herein. The compound may first be tested as a coating 
on the surface of a thermoplastic article. If the compound provides good fog 
resistance as a coating under fogging conditions, it is then further tested to determine 
if it can provide fog resistance as an additive to the thermoplastic polymer. Testing 
the compound as a coating provides a quick and easy method to determine whether a 
compound has the potential to be an anti-fog additive without having to prepare 
multiple samples of compounded thermoplastic polymer blends followed by molding 
the samples into test specimens. 
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[0022] Suitable ionic anti-fog additives include, for example, sulfonic acid 
salts. Exemplary sulfonic acid salts may be expressed by the following formula: 

R 1 S0 3 " 

R 5 R 4 (I) 

wherein Q indicates nitrogen or phosphorus; R 1 indicates a C1-C40 alkyl group, a Ci- 
C 4 ohaloalkyl group, a C 6 -C 4 o aryl group, a (C6-C12 aryl)Ci-C 4 o alkyl group, or a (Ci- 
C 4 o alkyl)C 6 -Ci2 aryl group; and R 2 , R 3 , R 4 and R 5 each independently indicate a 
group selected from hydrogen atoms, a C1-C20 alkyl group, a C1-C20 hydroxyalkyl 
group, and a C6-C12 aryl group. Here, the term alkyl group includes linear, branched, 
and cyclic alkyl groups. Furthermore, such alkyl groups and aryl groups may be 
substituted by optional groups as described in U.S. 6,090,907 to Saito et al. 

[0023] Examples of alkyl groups which may occur as R 1 include C1-C40 alkyl 
groups, for example, dodecyl groups, decyl groups, butyl groups and ethyl groups, 
and the like. Examples of aryl groups, (alkyl)aryl, or (aryl)alkyl groups include 
dodecylphenyl groups, phenyl groups, benzyl groups, phenethyl groups, tolyl groups 
and xylyl groups, etc. Preferred R 1 is a (C6-C12 aryl)C 4 -C 4 o alkyl group, more 
preferred is a (C6 aryl)C 4 -Ci8 alkyl group, and most preferred is a (C6 aryl)C6-Ci 4 
alkyl group wherein the sulfur is attached to the aryl. Nonlimiting examples of 
suitable sulfonates include trifluoromethyl sulfonate, perfluorinated n-butyl sulfonate, 
n-heptyl sulfonate, 4-dodecylbenzene sulfonate, and the like. 

[0024] Examples of alkyl groups which may occur as R ? through R 5 
independently include C1-C20 alkyl groups, for example, methyl, ethyl, propyl, butyl, 
and octyl groups, and the like. Examples of aryl, (alkyl)aryl, or (aryl)alkyl groups 
include phenyl groups, benzyl groups, phenethyl groups, tolyl groups and xylyl 

groups, and the like. Examples of hydroxyalkyl groups include hydroxy methyl, 

2 5 

hydroxy ethyl, hydroxy propyl, and the like. Preferably at least one of R through R 
is a C1-C20 hydroxyalkyl group. 
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[0025] Examples of desirable sulfonic acid phosphonium salts include 
tetraalkylphosphonium salts and trialkyl(hydroxyalkyl)phosphonium salts. Examples 
include tetraalkylphosphonium salts of dodecylsulfonic acid, and 
tetraalkylphosphonium salts of dodecylbenzenesulfonic acid, tetraalkylphosphonium 
salts of heptylsulfonic acid, combinations of the foregoing, and the like. 

[0026] Examples of desirable sulfonic acid ammonium salts include 
tetraalkylammonium salts and trialkyl(hydroxyalkyl)ammonium salts. Examples 
include tetraalkylammonium salts of trifluoromethylsulfonic acid, 
tetraalkylammonium salts of perfluorobutylsulfonic acid, 

trialkyl(hydroxyethyl)ammonium salts of trifluoromethylsulfonic acid, 
trialkyl(hydroxyethyl)ammonium salts of perfluorobutylsulfonic acid, combinations 
of the foregoing, and the like. 

[0027] It is also contemplated that compounds comprising 
bis(fluoroalkylsulfonyl)imides as disclosed in WO 01/49925 by 3M are suitable as the 
ionic anti-fog additive. 

[0028] The ionic anti-fog additive may be present in the composition in 
amounts of about 0.1 to about 10 weight percent, preferably about 0.5 to about 8 
weight percent, more preferably about 1 to about 7 weight percent, and still more 
preferably about 2 to about 5 weight percent based on the total weight of the 
composition. 

[0029] Suitable non-ionic anti-fog additives include polysiloxane-polyether 
(co)polyethers, especially those compatible with polycarbonate. In general the 
copolymer can be described as having a siloxane backbone with attached one or more 
polyether groups. The polysiloxane may be substituted with one or more of 
hydrogen; Ci-C 6 alkyl such as methyl, ethyl, propyl, and the like; phenyl; vinyl; and 
C1-C6 alkoxy substituents. The polysiloxane backbone can be a random or block 
copolymer containing one or more substitutents including hydrogen; C1-C6 alkyl; 
phenyl; vinyl; or Ci-Ce alkoxy substituents. 
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[0030] Non-limiting examples of suitable polysiloxane-polyether polymers 
include homopolymers of methyl-substituted siloxane, phenyl-substituted siloxane, 
random copolymers of methyl and phenyl substituted siloxane, block copolymers of 
methyl and phenyl substituted siloxane, branched polymers of methyl and phenyl 
substitued siloxane, star polymers of methyl and phenyl substituted siloxane, and the 
like. The polyether can be bonded to the ends of the polysiloxane backbone or grafted 
onto the polysiloxane. 

[0031] In one embodiment the polysiloxane-polyether has the general formula 



R I0 


R 12 


1 

[SiO] n 


1 

Si R 


R" 


1" 



(II) 



wherein n is about 3 to about 5000, preferably about 3 to about 100, and more 
preferably about 3 to about 40; R 10 , R u , R 12 , R 13 , R 14 , R 15 , are each independently 
hydrogen, a Ci-C 20 alkyl, C 6 -Ci 2 aryl, (Ci-C 20 alkyl)C 6 -Ci 2 aryl, (C 6 -C, 2 aryl)C r C 20 
alkyl, Ci-C 20 alkoxy or polyether group and at least one of R 10 , R 11 , R 12 , R 13 , R 14 , or 
R 15 is a polyether group. Where n is greater than 1, each R 10 and R 11 are 
independently chosen from hydrogen, a Ci-C 2 o alkyl, C6-Ci 2 aryl, (Ci-C 2 o alkyl)C6- 
C\ 2 aryl, (C 6 -Ci 2 aryl)Ci-C 20 alkyl, Ci-C 20 alkoxy or polyether group. Non limiting 
examples of R 10 -R 15 are methyl, ethyl, propyl, butyl, phenyl, 2-phenylpropyl, vinyl, 
methoxy, ethoxy, propoxy, or a polyoxyethylene/polyoxypropylene group. The 
polyether group may be, for example, polyethyleneoxide or polypropyleneoxide or 
combinations thereof, and may be terminated with hydroxyl or Ci-Cio alkyl. 

[0032] The polysiloxane-polyether compounds can be block copolymers (i.e. 
R 14 and/or R 15 are polyethers) or graft copolymers (i.e. any or all of R 10 , R 11 , R 12 , and 
R 13 are polyether). 

[0033] The molecular weight of the polyether may be about 100 to about 
10000, preferably about 500 to about 5000, and more preferably about 500 to about 
2500 grams/mole (g/mol). 
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[0034] The siloxane backbone can generally be a random or block 
(co)polymer substituted with methyl, phenyl, 2-phenylpropyl, hydrogen and alkoxy 
groups. 

[0035] The non-ionic anti-fog additive may be present in the composition in 
amounts of about 0.1 to about 10 weight percent, preferably about 0.5 to about 8 
weight percent, more preferably about 2 to about 7 weight percent, and still more 
preferably about 3 to about 6 weight percent based on the total weight of the 
composition. 

[0036] Suitable aromatic thermoplastic polymers that may be used include 
aromatic polycarbonate, polyphenylene ether, aromatic polyester, polyphenylene 
ether/styrene blend, aromatic polyamide, polyethylene terephthalate, blends thereof, 
or a combination comprising at least one of the foregoing polymers. A preferred 
aromatic thermoplastic polymer includes aromatic polycarbonates. 

[0037] The polycarbonate articles may be prepared from polycarbonate, 
including aromatic polycarbonate, a polyester, a (co)polyester carbonate, copolymers 
of aromatic polycarbonates, or blends thereof including blends with other 
thermoplastics resins. 

[0038] Polycarbonate includes compositions having structural units of the 
formula (III): 

O 

R'— O II — O (HI) 

in which greater than or equal to about 60 percent of the total number of R groups are 
aromatic organic radicals and the balance thereof are aliphatic or alicyclic radicals. 
Preferably, R is an aromatic organic radical and, more preferably, a radical of the 
formula (IV): 

A 1 — Y 1 — A 2 (IV) 
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wherein each of A 1 and A 2 is a monocyclic divalent aryl radical and Y 1 is a bridging 
radical having zero, one, or two atoms which separate A 1 from A 2 . In an exemplary 
embodiment, one atom separates A 1 from A 2 . Illustrative examples of radicals of this 
type are -O-, -S-, -S(O)-, -S(0) 2 -, -C(O)-, methylene, cyclohexyl-methylene, 
2-[2,2, 1 ]-bicycloheptylidene, ethylidene, isopropylidene, neopentylidene, 
cyclohexylidene, cyclopentadecylidene, cyclododecylidene, adamantylidene, or the 
like. The bridging radical Y l can be a hydrocarbon group or a saturated hydrocarbon 
group such as methylene, cyclohexylidene or isopropylidene. In another embodiment, 
zero atoms separate A 1 from A 2 , instead a covalent bond links A 1 to A 2 . 

[0039] Polycarbonates, in general, can be manufactured by known processes, 
including interfacial reaction and melt polymerization. For example, polycarbonates 
can be produced by the interfacial reaction of dihydroxy compounds in which only 
one atom separates A 1 and A 2 . As used herein, the term "dihydroxy compound" 
includes, for example, bisphenol compounds having general formula (V) as follows: 




HO (\ /) X a — (\ /) OH 

(V) 

wherein R a and R b each independently represent hydrogen, a halogen atom, preferably 
bromine, or a monovalent hydrocarbon group; p and q are each independently integers 
from 0 to 4; and X a represents one of the groups of formula (VI): 

R c R e O O 

— C— . — 8— — o— , — s— .— S— or _!_ 



(VI) 



wherein R c and R d each independently represent a hydrogen atom or a monovalent 
linear or cyclic hydrocarbon group, and R e is a divalent hydrocarbon group, oxygen, 
or sulfur. 
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[0040] Examples of the types of bisphenol compounds that may be 
represented by formula (V) include the bis(hydroxyaryl)alkane series such as, 1,1- 
bis(4-hydroxyphenyl)methane; 1 , 1 -bis(4-hydroxyphenyl)ethane, 2,2-bis(4- 

hydroxyphenyl)propane (or bisphenol A); 2,2-bis(3,5-dibromo-4- 
hydroxyphenyl)propane; 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane; 2,2-bis(4- 
hydroxyphenyl)butane; 2,2-bis(4-hydroxyphenyl)octane; 1 , 1 -bis(4- 

hydroxyphenyl)propane; 1 , 1 -bis(4-hydroxyphenyl)n-butane; bis(4- 

hydroxyphenyl)phenylmethane; 2,2-bis(4-hydroxy- 1 -methylphenyl)propane; 1,1- 
bis(4-hydroxy-t-butylphenyl)propane; 2,2-bis(4-hydroxy-3-bromophenyl)propane; 
l,l-bis(4-hydroxyphenyl)decane; 4,4-dihydroxydiphenyl ether; 4,4-thiodiphenol; 4,4- 
dihydroxy-3,3-dichlorodiphenyl ether; 4,4-dihydroxy-2,5-dihydroxydiphenyl ether; or 
the like; bis(hydroxyaryl)cycloalkane series such as, l,l-bis(4- 
hydroxyphenyl)cyclopentane; 1 , 1 -bis(4-hydroxyphenyl)cyclohexane; 1 , 1 -bis(3,5- 
dimethyl-4-hydroxyphenyl)cyclohexane; 1 , 1 -bis(4-hydroxyphenyl)cyclododecane; 
1 , 1 -bis(3 , 5 -dimethyl-4-hydroxyphenyl)cyclododecane; 1 , 1 -bis-(4-hydroxyphenyl)- 
3,3,5-trimethylcyclohexane; or the like, or combinations comprising at least one of the 
foregoing bisphenol compounds. 

[0041] Other examples of bisphenol compounds that may be represented by 
formula (V) include those where X a is -O-, -S-, -S(O)-, or -S(0) 2 -, such as 4,4'- 
dihydroxy diphenylether, 4,4 , -dihydroxy-3,3 , -dimethylphenyl ether, or the like; 
bis(hydroxy diaryl)sulfides, such as 4,4'-dihydroxy diphenyl sulfide, 4,4'-dihydroxy- 
3, 3 '-dimethyl diphenyl sulfide, or the like; bis(hydroxy diaryl) sulfoxides, such as, 
4,4'-dihydroxy diphenyl sulfoxides, 4,4'-dihydroxy-3, 3 '-dimethyl diphenyl sulfoxides, 
or the like; bis(hydroxy diaryl)sulfones, such as 4,4-dihydroxy diphenyl sulfone, 4,4'- 
dihydroxy-3, 3 '-dimethyl diphenyl sulfone, or the like; or combinations comprising at 
least one of the foregoing bisphenol compounds. 

[0042] Other dihydroxy compounds that may be utilized in the 
polycondensation of polycarbonate are represented by the formula (VII): 
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(R f ), 



'n 




(OH) 2 



(VII) 



wherein, R , is a halogen atom, a hydrocarbon group having 1 to 10 carbon atoms, or a 
halogen substituted hydrocarbon group; n is a value from 0 to 4. The halogen is 
preferably bromine. When n is at least 2, R f may be the same or different. Examples 
of compounds that may be represented by the formula (VII), are resorcinol, 
substituted resorcinol compounds such as 5-methyl resorcinol, 5-ethyl resorcinol, 5- 
propyl resorcinol, 5-butyl resorcinol, 5-t-butyl resorcinol, 5-phenyl resorcinol, 5- 
cumyl resorcinol, 2,4,5,6-tetrafluoro resorcinol, 2,4,5,6-tetrabromo resorcinol, or the 
like; catechol; hydroquinone; substituted hydroquinones, such as 2-methyl 
hydroquinone, 2-ethyl hydroquinone, 2-propyl hydroquinone, 2-butyl hydroquinone, 
2-t-butyl hydroquinone, 2-phenyl hydroquinone, 2-cumyl hydroquinone, 2,3,5,6- 
tetramethyl hydroquinone, 2,3,5,6-tetra-t-butyl hydroquinone, 2,3,5,6-tetrafloro 
hydroquinone, 2,3,5,6-tetrabromo hydroquinone, or the like; or combinations 
comprising at least one of the foregoing compounds. 

[0043] Bisphenol compounds such as 2,2,2 , ,2'-tetrahydro-3,3,3 , ,3'- 
tetramethyl-1, r-spirobi-flH-indeneJ-e^-diol represented by the following formula 
(VIII) may also be used as the dihydroxy compound: 



[0044] Typical carbonate precursors include the carbonyl halides, for example 
carbonyl chloride (phosgene), and carbonyl bromide; the bis-haloformates, for 
example the bis-haloformates of dihydric phenols such as bisphenol A, hydroquinone, 
or the like, and the bis-haloformates of glycols such as ethylene glycol and neopentyl 
glycol; and the diaryl carbonates, such as diphenyl carbonate, di(tolyl) carbonate, and 
di(naphthyl) carbonate. The preferred carbonate precursor for the interfacial reaction 
is carbonyl chloride. 




(VIII). 
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[0045] Branched polycarbonate, as well as blends of linear polycarbonate and 
a branched polycarbonate may also be used. The branched polycarbonate may be 
prepared by adding a branching agent during polymerization. These branching agents 
may comprise polyfunctional organic compounds containing at least three functional 
groups, which may be hydroxyl, carboxyl, carboxylic anhydride, haloformyl, and 
combinations comprising at least one of the foregoing branching agents. Specific 
examples include trimellitic acid, trimellitic anhydride, trimellitic trichloride, tris-p- 
hydroxy phenyl ethane, isatin-bis-phenol, tris-phenol TC (l,3,5-tris((p- 
hydroxyphenyl)isopropyl)benzene), tris-phenol PA (4(4(1,1 -bis(p-hydroxyphenyl)- 
ethyl) a,a-dimethyl benzyl)phenol), 4-chloroformyl phthalic anhydride, trimesic acid, 
benzophenone tetracarboxylic acid, or the like, or combinations comprising at least 
one of the foregoing branching agents. The branching agents may be added at a level 
of about 0.05 to about 2.0 weight percent (wt%), based upon the total weight of the 
polycarbonate. Branching agents and procedures for making branched polycarbonates 
are described in U.S. Patent. Nos. 3,635,895 and 4,001,184. 

[0046] All types of polycarbonate end groups are contemplated as being 
useful in the polycarbonate composition. Some examples of common polycarbonate 
end groups are phenol, p-cumylphenol (PCP) and t-butylphenol. 

[0047] In one embodiment, the polycarbonate may be produced by a melt 
polycondensation reaction between a dihydroxy compound and a carbonic acid 
diester. Examples of the carbonic acid diesters that may be utilized to produce the 
polycarbonates are diphenyl carbonate, bis(2,4-dichlorophenyl)carbonate, bis(2,4,6- 
trichlorophenyl) carbonate, bis(2-cyanophenyl) carbonate, bis(o-nitrophenyl) 
carbonate, ditolyl carbonate, m-cresyl carbonate, dinaphthyl carbonate, diphenyl 
carbonate, diethyl carbonate, dimethyl carbonate, dibutyl carbonate, dicyclohexyl 
carbonate, bis(o methoxyphenyl) carbonate (bis(methylsalicyl)carbonate or BMSC) or 
the like, or combinations comprising at least one of the foregoing carbonic acid 
diesters. Preferred carbonic acid diesters are diphenyl carbonate and BMSC. 
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[0048] Also suitable are (co)polyester carbonates, also known as 
(co)polyester-polycarbonates or polyestercarbonates, that is, resins which contain, in 
addition to recurring polycarbonate chain units of the formula (IX): 

ft 

— O-D-O-C— (DC) 

wherein D is a divalent radical of a dihydroxy compound employed in the 
polymerization reaction, the dihydroxycompound as described previously; repeating 
or recurring carboxylate units, for example of the formula (X): 

ft ff 

— O— C— T — C— O— D — (X) 

wherein D is as defined above and T is an aromatic radical such as phenylene, 
naphthylene, biphenylene, substituted phenylene and the like; a divalent aliphatic- 
aromatic hydrocarbon radical such as an alkaryl or alkaryl radical; or two or more 
aromatic groups connected through such aromatic linkages which are known in the 
art. 

[0049] The copolyester-polycarbonate resins are also prepared by interfacial 
polymerization technique, well known to those skilled in the art (see, for example, 
U.S. Patents 3,169,121 and 4,487,896). 

[0050] Examples of dicarboxylic acids include isophthalic acid, terephthalic 
acid and a, co aliphatic di-acids with 6-18 carbon atoms. Preferred 
(co)polyestercarbonates are those of isophthalic, terephthalic acid and resorcinol with 
or without BPA. In general, any dicarboxylic acid used in the preparation of linear 
polyesters may be utilized in the preparation of the polyestercarbonate resins. 
Generally, the dicarboxylic acids which may be utilized includes aliphatic 
dicarboxylic acids, aromatic dicarboxylic acids, and aliphatic aromatic dicarboxylic 
acids. These acids are well known and are disclosed, for example, in U.S. Patent 
3,169,121. Mixtures of dicarboxylic acids may be employed. Preferred as aromatic 
dicarboxylic acids are isophthalic acid, terephthalic acids, and mixtures thereof. A 
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particularly useful Afunctional carboxylic acid comprises a mixture of isophthalic 
acid and terephthalic acid wherein the weight ratio of terephthalic acid to isophthalic 
acid is in the range of from about 10:1 to about 0.2:9.8. 

[0051] Rather than utilizing the dicarboxylic acid per se, it is possible, and 
sometimes even preferred, to employ the reactive derivatives of the acid. Illustrative 
of these reactive derivatives are the acid halides. The preferred acid halides are the 
acid dichlorides and the acid dibromides. Thus, for example instead of using 
isophthalic acid, terephthalic acid or mixtures thereof, it is possible to employ 
isophthaloyl dichloride, terephthaloyl dichloride, and mixtures thereof. 

[0052] Blends of PC with other compatible polymers may also be used in the 
present compositions. Examples of such polymers include polybutylene terephtalate 
and butadiene styrene rubbers like MBS rubber. The ratio of the other compatible 
polymers to PC may be up to 50:50, or greater. 

[0053] The thermoplastic composition may also comprise various optional 
components, including UV absorbing agents, phosphorous type stabilizers as 
oxidation inhibitors, hindered phenol type oxidation inhibitors, epoxy type stabilizers 
and sulphur type stabilizers, etc. 

[0054] Any ultraviolet absorbing agent customarily used in resin compositions 
may be used as the above mentioned ultraviolet absorbing agent. For example, 
benzotriazole type ultraviolet absorbing agents, benzophenone type ultraviolet 
absorbing agents or salicylate type ultraviolet absorbing agents, etc., may be used. 
Examples of benzotriazole type ultraviolet absorbing agents include 2-(2'-hydroxy-5'- 
methylphenyl)benzotriazole, 2-(2 '-hydroxy-5 '-t-butylphenyl)benzotriazole, 2-(2'- 
hydroxy-5 ' -t-octylphenyl)benzotriazole, 2-(2 '-hydroxy-3 ',5 '-di-t- 

butylphenyl)benzotriazole, 2-(2'-hydroxy-3',5 , -di-amylbutylphenyl)benzotriazole, 2- 
(2 '-hydroxy-3 '-dodecyl-5 '-methylphenyl)benzotriazole, 2-(2 '-hydroxy-3 ',5 ' - 

dicumylphenyl)benzotriazole and 2,2'-methylenebis[4-(l,l,3,3-tetramethylbutyl)-6- 
(2H-benzotriazol-2-yl)phenol], etc. For example, a benzotriazole type ultraviolet 
absorbing agent is marketed by American Cyanamid Co. as UV541 1. Furthermore, a 
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benzophenone type ultraviolet absorbing agent is marketed by American Cyanamid 
Co. as UV531. Examples of salicylate type ultraviolet absorbing agents include 
phenyl salicylate, p-t-butylphenyl salicylate and p-octylphenyl salicylate, etc. 

[0055] Examples of phosphorous type stabilizers comprise triphenyl 
phosphite, diphenylnonyl phosphite, tris(2,4-di-t-butylphenyl) phosphite, 
trisnonylphenyl phosphite, diphenylisooctyl phosphite, 2,2'-methylenebis (4,6-di-t- 
butylphenyl)octyl phosphite, diphenylisodecyl phosphite, diphenylmono(tridecyl) 
phosphite, 2,2 5 -ethylidenebis(4,6-di-t-butylphenol) fluorophosphite, phenyldiisodecyl 
phosphite, phenyldi(tridecyl) phosphite, tris(2-ethylhexyl) phosphite, tris(isodecyl) 
phosphite, tris(tridecyl) phosphite, dibutyl hydrogenphosphite, trilauryl 
trithiophosphite, tetrakis(2,4-di-t-butylphenyl)4,4'-biphenylene diphosphite, 4,4'- 
isopropylidenediphenol alkyl (Ci 2 -Ci 5 ) phosphites, 4,4'-butylidenebis(3-methyl-6-t- 
butylphenyl)ditridecyl phosphite, bis(2,4-di-t-butylphenyl) pentaerythritol 
diphosphite, bis(2,6-di-t-butyl4-methylphenyl) pentaerythritol diphosphite, 
bis(nonylphenyl)pentaerythritol diphosphite, distearyl-pentaerythritol diphosphite, 
phenyl-bisphenol A pentaerythritol diphosphite, tetraphenyldipropylene glycol 
diphosphite, 1 , 1 ,3 -tris (2-methyl4-di-tridecylphosphite-5 -t-butylphenyl)butane and 
3,4,5,6-dibenzo-l,2-oxaphosphan-2-oxide, and the like. Available commercial 
products include Adekastab PEP-36, PEP-24, PEP-4C and PEP-8 (all trademarks, 
manufactured by Asahi Denka Kogyo K.K.), Irgafos 168 (trademark, manufactured 
by Ciba Specialty Chemicals.), Sandostab P-EPQ (trademark, manufactured by 
Clariant), Chelex L (trademark, manufactured by Sakai Kagaku Kogyo K.K.), 3P2S 
(trademark, manufactured by Ihara Chemical Kogyo K.K.), Mark 329K and Mark P 
(both trademarks, manufactured by Asahi Denka Kogyo K.K.) and Weston 618 
(trademark, manufactured by.Sanko Kagaku K.K.). 

[0056] Examples of hindered phenol type oxidation inhibitors include n- 
octadecyl-3-(3 ',5 '-di-t-butyl4-hydroxyphenyl) propionate, 2,6-di-t-butyl4- 
hydroxymethylphenol, 2,2'-methylenebis (4-methyl-6-t-butylphenol) and 
pentaerythritol-tetrakis[3-(3,5-di-t-butyl4-hydroxyphenyl)propionate, and the like. 
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[0057] Examples of epoxy type stabilizers include epoxidized soybean oil, 
epoxidized linseed oil, phenylglycidyl ether, allylglycidyl ether and 3,4- 
epoxycyclohexylmethyl-3',4'-epoxycyclohexane carboxylate, and the like. 

[0058] Other customary additives may be added to all of the resin 
compositions at the time of mixing or molding of the resin in amounts as necessary 
which do not have any deleterious effect on physical properties. For example, 
coloring agents (pigments or dyes), reinforcing agents (glass fibers, carbon fibers, 
etc.), fillers (carbon black, silica, titanium oxide, etc.), heat-resistant agents, oxidation 
inhibitors, weather-proofing agents, lubricants, mold release agents, plasticizer, flame 
retarding agents and fluidity enhancing agents, etc., may be added. Furthermore, dyes 
may be added in order to ameliorate yellowness in the blue direction. 

[0059] As to the method of preparing the present compositions conventional 
techniques using standard equipment can be used without any particular limitation, 
e.g. melt mixing optionally using small amounts of solvents. The components of the 
composition can be mixed in any order. Extruders, Banbury mixers, rollers and 
kneaders etc. operated batchwise or continuously are examples of suitable apparatus. 
The extruded material can be pelletized and dried prior to molding or used directly in 
the molding process without pelletization or isolation. 

[0060] The compositions may be converted to articles using common 
thermoplastic processes such as film and sheet extrusion, injection molding, gas-assist 
injection molding, extrusion molding, compression molding and blow molding. Film 
and sheet extrusion processes may include and are not limited to melt casting, blown 
film extrusion and calendaring. Co-extrusion and lamination processes may be 
employed to form composite multi-layer films or sheets. Single or multiple layers of 
coatings may further be applied to the single or multi-layer substrates to impart 
additional properties such as scratch resistance, ultra violet light resistance, aesthetic 
appeal, etc. Coatings may be applied through standard application techniques such as 
rolling, spraying, dipping, brushing, or flow-coating. Film and sheet of the invention 
may alternatively be prepared by casting a solution or suspension of the composition 
in a suitable solvent onto a substrate, belt or roll followed by removal of the solvent. 
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[0061] Oriented films may be prepared through blown film extrusion or by 
stretching cast or calendared films in the vicinity of the thermal deformation 
temperature using conventional stretching techniques. For instance, a radial 
stretching pantograph may be employed for multi-axial simultaneous stretching; an x- 
y direction stretching pantograph can be used to simultaneously or sequentially stretch 
in the planar x-y directions. Equipment with sequential uniaxial stretching sections 
can also be used to achieve uniaxial and biaxial stretching, such as a machine 
equipped with a section of differential speed rolls for stretching in the machine 
direction and a tenter frame section for stretching in the transverse direction. 

[0062] The compositions may be converted to multiwall sheet comprising a 
first sheet having a first side and a second side, wherein the first sheet comprises a 
thermoplastic polymer, and wherein the first side of the first sheet is disposed upon a 
first side of a plurality of ribs; and a second sheet having a first side and a second 
side, wherein the second sheet comprises a thermoplastic polymer, wherein the first 
side of the second sheet is disposed upon a second side of the plurality of ribs, and 
wherein the first side of the plurality of ribs is opposed to the second side of the 
plurality of ribs. 

[0063] The films and sheets described above may further be thermoplastically 
processed into shaped articles via forming and molding processes including but not 
limited to thermo forming, vacuum forming, pressure forming, injection molding and 
compression molding. Multi-layered shaped articles may also be formed by injection 
molding a thermoplastic resin onto a single or multi-layer film or sheet substrate as 
described below: 

1 . Providing a single or multi-layer thermoplastic substrate having 
optionally one or more colors on the surface, for instance, using screen 
printing or a transfer dye 

2. Conforming the substrate to a mold configuration such as by 
forming and trimming a substrate into a three dimensional shape and fitting 
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the substrate into a mold having a surface which matches the three 
dimensional shape of the substrate. 

3. Injecting a thermoplastic resin into the mold cavity behind the 
substrate to (i) produce a one-piece permanently bonded three-dimensional 
product or (ii) transfer a pattern or aesthetic effect from a printed substrate to 
the injected resin and remove the printed substrate, thus imparting the 
aesthetic effect to the molded resin. 

[0064] Those skilled in the art will also appreciate that common curing and 
surface modification processes including and not limited to heat-setting, texturing, 
embossing, corona treatment, flame treatment, plasma treatment and vacuum 
deposition may further be applied to the above articles to alter surface appearances 
and impart additional functionalities to the articles. 

[0065] Accordingly, another embodiment relates to articles, sheets and films 
prepared from the compositions above. The aromatic thermoplastic polymer sheets, 
films, etc. can be conditioned to provide fog resistance by the conditioning step 
described previously. Alternatively, the sheets and films may further be processed 
into final products which are then conditioned to result in a fog resistance article. 
Preferred applications of the thermoplastic compositions are for goggles, lenses, 
greenhouse panels, automotive headlamp lenses, and the like. 

[0066] All cited patents, patent applications, and other references are 
incorporated herein by reference in their entirety. The invention is further illustrated 
by the following non-limiting examples. 

EXAMPLES 

Initial determination of potential anti-fog additives from coatings of anti-static 
compounds: 

[0067] The following anti-static additives were obtained from 3M and a 
coating of these materials was made on a polycarbonate sheet (Blendex PC 175 
available from GE Plastics) by melting the salts and applying a thin layer onto a 
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transparent polycarbonate plaque. Liquid salts were spread directly onto the 
polycarbonate. These coatings were screened for anti-fog properties by holding the 
plaque (coated side down) over a beaker of water at 50 °C and recording the time until 
visible fog appeared on the plaque. 

[0068] The anti-fog test was carried out using an IKAMAG-REB oil bath 
heater with an IKATRON-ETS temperature meter heated to 60 °C. In the oil bath 
hangs a 250 ml beaker filled with 200 ml MilliQ® water and is held at a constant 
temperature of 50°C ± 1°C. The temperature of the water was measured with a Kane- 
May KM330 temperature meter. The sample to be tested is laid on the top of the 
beaker and the time until a visible mist of water condensate appears on the plaque is 
measured. Results are reported in seconds. Longer fog free times indicate better anti- 
fog performance. 

[0069] An anti-static additive was judged to be effective for anti-fog if the fog 
free time was at least 20 seconds, but preferably more than 60 seconds (Examples 1 
and 2). Those additives that failed to provide a fog free time of at least 20 seconds are 
listed as comparative examples (CE 1-7). For reference, an uncoated piece of 
polycarbonate was also measured. These results clearly show that only a subset of 
these salts is effective for anti-fog when evaluated as a coating (Table 1). 



T able 1. 3M anti-static additives screened for anti-fog (as a coating). 



Example 


Tradename 
of anti-static 


Chemical structure of anti-static 


Fog free 
time as 
coating 

(seconds) 


1 


L-16176 


C 8 H 17 N(CH 3 ) 2 (CH 2 CH 2 OH) + 0 3 SCF 3 


>60 


2 


L-18357 


C 8 H 17 N(CH3) 2 (CH 2 CH 2 OH) + 0 3 SC 4 F 9 


>60 


CE 1 




none 


< 1 


CE 2 


L-1858 


C 8 H , 7 N(CH 3 ) 2 (CH 2 CH 2 OH) + TSI(S0 2 SCF 3 ) 


11 


CE 3 


L-18360 


(CH 3 CH 2 ) 4 N + '0 3 SCF 3 


6 


CE 4 


L- 18362 


(C 4 H 9 ) 4 ]Sr'0 3 SCF 3 


3 


CE 5 


L-18359 


(CH 3 CH 2 ) 4 N + "N(S0 2 SCF 3 ) 


< 1 


CE 6 


L-18361 


(C 4 H 9 ) 3 !SrCH 3 o 3 sc 4 f 9 


< 1 


CE 7 


L- 18364 


(C 4 H 9 ) 4 N + 'N(S0 2 CF 3 ) 2 


< 1 
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[0070] From Table 1, it is apparent that an anti-fog additive can contain 
fluorine or other hydrophobic constituents and still be suitable for anti-fog. However, 
if the additive is too hydrophobic, then it cannot function effectively as an anti-fog 
material. It is believed that if the additive is too hydrophobic it cannot spread the 
water bead across the surface or it cannot dissolve in the water bead and reduce the 
surface tension of the water. Such an effect is shown in Table 2 where a 
perfluorinated material (more hydrophobic) is not found to be anti-fog while its non- 
fluorinated counterpart is. 



T able 2. Comparison of perfluorinated and aliphatic tails on anti-fog properties. 



Example 


Tradename 


Additive 


Source 


Water 
solubility 


Fog free 
time as 
coating (s) 


3 


None 


H 3 C(CH 2 ) 3 S0 3 ~ 
+ P(C 4 H 9 ) 4 


Synthesized 


Soluble 


22 


CE 8 


Zonyl FASP-1 


F 3 C(CF 2 ) 3 S0 3 - 
+ P(C 4 H 9 ) 4 


DuPont 


830 mg/L 


< 1 



Initial determination of potential anti-fog additives from coatings of other surface- 
active materials: 

[0071] In addition to these examples, other surface-active materials (not 
exclusively designed as anti-static additives) were screened for their potential to be 
anti-fog additives for polycarbonate as shown in Table 3. 
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Table 3. Various salts and nonionic surfactants which were found suitable for anti- 
f og when screened as a coating. 



Example 


Additive 


Tradename 


Source 


Fog free 
time as 
coating 

(seconds) 


A 

4 






oynuiesiz.ea 




5 


H 3 C(CH 2 ), 1 (C 6 H 4 )S03 + P(C 4 H 9 )4 


EPA-202 


Takemoto 


>60 


6 


Fluorinated ethylene glycol copolymer 


FluorN561 


Cytonex 


>60 


7 


Fluorinated ethylene glycol copolymer 


riuoriN JOZ 


Cytonex 




8 


triglyceryl monooleate + sorbitan 
mrmooleate ethnxvlate 


Glycolube 
AFA-1 


Lonza 


>60 


9 


Hydroxyl functionalized dendrimer 




DSM 


>60 


10 


Poly(ethylene oxide) (PEO) 
functionalized dendrimer 




DSM 


> 60 


11 


Polydimethylsiloxane-Poly(ethylene 
oxide) (PDMS-PEO) copolymers 


SF1 188A- 
SF1388; 
SF1488 


GE Silicones 


>60 


12 


Poly(ethylene oxide)-block- 
poly(propylene oxide) -block- 
poly(ethylene oxide) copolymers 




Aldrich 


>60 


13 


Poly(propylene oxide)-block- 
poly(ethylene oxide)-block- 
poly(propylene oxide) copolymers 




Aldrich 


>60 


CE9 


none, uncoated polycarbonate 






< 1 


CE 10 


Perfluoropolyethers 


Galden 
HT270 


FenS 

Chemicals 


15 



[0072] Table 3 illustrates the wide variety of materials that meet the initial 
criteria for an anti-fog additive for polycarbonate in that they have some mechanism 
for surface activity and, as coatings, are excellent for anti-fog. The counter example 
again shows that some perfluorinated materials are not as suitable for anti-fog as they 
may be too hydrophobic to provide fog resistance. 

Determination of anti-fog additives from blends of polycarbonate: 

[0073] Those anti-static additives or surface-active materials that were proven 
to have potential for anti-fog were then compounded with polycarbonate to determine 
compatibility with polycarbonate, transparency, surface activity, and anti-fog 
properties as an additive rather than a coating. Compounding with polycarbonate was 
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done at loadings between 1 and 5 weight % of the additive. Typical polycarbonate 
stabilizers, such as Irgafos 168 from Ciba Specialty Chemicals (0.036 weight %), and 
Irganox 1076 from Ciba Specialty Chemicals (0.02 weight %), were added to the 
formulation, but a mold release additive was not used. Plaques were injection 
molded at 300 °C using injection speeds of 15 and 35 seconds. Plaques used for 
surface measurements were wrapped in aluminum foil to protect the surface. 

[0074] The polycarbonate blends were evaluated on the following criteria, 
surface activity, transparency, and fog free time, both before and after conditioning. 
Hot fog tests were performed as described for the coatings. Transparency was 
determined by visual inspection. Surface activity was determined by X-ray Photo- 
electron Spectroscopy (XPS), which measures what atoms are present at the surface 
of a sample, including sulfur (S), oxygen (O), and fluorine (F). Penetration depth is 
typically 2-10 nanometers. The presence of S, O, F indicate the presence on the 
surface of the sample of surface active compounds. Samples having the presence of 
such atoms are noted in the table with a "yes" under the surface activity column. 

[0075] Table 4 shows the results of anti-fog additives blended with 
polycarbonate. While all the additives had the potential to be suitable for anti-fog as 
judged from their performance as coatings, not all retained the transparency of 
polycarbonate or were sufficiently surface active. Of the additives that were 
transparent and surface active, none showed improvement in the fog free time prior to 
conditioning. Therefore, conditioning the molded blends by exposing the surface to 
aqueous water or to hot water vapors activated the anti-fog properties. 

[0076] Conditioning to improve anti-fog performance was performed by either 
placing the plaque over a beaker containing 50 °C water for 45 minutes or by placing 
ultrapure (MilliQ® available from Millipore) water drops on the surface of the 
plaque. In either case, the sample was allowed to dry overnight prior to measuring 
the fog free time. As a control, an unmodified polycarbonate plaque was conditioned 
and no improvement in the fog free time was found (Comparative Example 11, 
CE11). 
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Table 4. Results of compounding additives with polycarbonate. 



iixarnpic 




Wt% 


Trans- 
parency 


Surface 
Activity 


Fog 
Free 
Time 
(s) 


Cond. 
Fog 
Free 
time 

« 


14 


C 8 H I7 N(CH 3 ) 2 (CH 2 CH 2 OH) + 


2.67 


Yes 


Yes 


2 


20 


15 


C 8 H l7 N(CH 3 ) 2 (CH 2 CH 2 OH) + 
0 3 SC 4 F 9 


1.67 


Yes 


Yes 


1 


>60 


16 


H 3 C(CH 2 ) 6 S03 + P(C 4 H 9 )4 


2 


Yes 


Yes 


2 


16 


17 


H 3 C(CH 2 ) , ,(C 6 H4)S0 3 - + P(C 4 H 9 ) 4 
(EPA-202) 


3 


Yes 


Yes 


3 


>60 


18 


H 3 C(CH 2 jntWn4,PU 3 "(V4"9j4 
(EPA-202) 


5 


Yes 


Yes 


1 


>60 


19 


PDMS-PEO 


5 


Yes 


Yes 


1 


10 


CE 11 


None 


N/A 


Yes 


N/A 


< 1 


< 1 


CE 12 


Fluorinated ethylene glycol 
copolymer 

(Cytonex FluorN 562) 


3 


Yes 


No 


N/A 


N/A 


CE 13 


H 3 C(CH 2 ) 3 S03 + P(C 4 H 9 )4 


0.5 


Yes 


No 


N/A 


N/A 


CE 14 


triglyceryl monooleate + sorbitan 
monooleate ethoxylate (Glycolube 
AFA-1) 


5 


Not 

extruda 

ble 


N/A 


N/A 


N/A 


CE 15 


Hydroxyl runctionalized dendrimer 


5 


Not 

extruda 

ble 


N/A 


N/A 


N/A 


CE 16 


PEO runctionalized dendrimer 


3 


Yes 


No 


N/A 


N/A 



[0077] The results in Table 4 show the value of using conditioning to activate 
anti-fog performance in transparent polycarbonate blends containing an anti-fog 
surface active additive. 



[0078] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements thereof without departing 
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from the scope of the invention. In addition, many modifications may be made to 
adapt a particular situation or material to the teachings of the invention without 
departing from essential scope thereof Therefore, it is intended that the invention not 
be limited to the particular embodiment disclosed as the best mode contemplated for 
carrying out this invention, but that the invention will include all embodiments falling 
within the scope of the appended claims. 
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